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Abstract  :  TlOj/SU^  multilayer  dielectric  mirrors  centered  around  630  mm 
have  shown  reflectivity  degradation  from  99.99  X  down  to  99.0  X 
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The  Orsay  free  electron  laser  (FEL)  has  a  round  trip  gain  on  the 
order  of  several  10~4  [l]  due  to  the  United  straight  section  length  available 
on  the  ACO  storage  ring  and  to  the  available  electron  density-  The  oscillation 
experinent  requires  the  use  of  extraordinarily  low  loss  mirrors.  Much  experience 
exists  in  the  fabricstlon  and  measurement  of  T102/S102  multilayer  dielectric 
mirrors,  and  the  reflectivity  which  has  been  obtained  at  630  mm  (R  99-99  X)  is 
sufficient  for  oscillation  of  the  FEL.  To  Insure  minimum  cavity  losses  (high 
cavity  Q),  the  mirrors  are  placed,  without  windows,  in  the  ultra-high  vacuum 
of  the  storage  ring.  Here  they  have  to  withstand  the  strong  UV  and  VUV  undulator 
radiation  (2]  emitted—by  a  typical  current  of  100  mA  of  150  MeV  to  240  MeV 
electrons. 

The  Q  of  the  cavity  was  monitored  using  two  techniques.  Both  of 
them  measure  the  cavity  decay  time  of  light  either  emitted  from  Inside  the 
cavity  (undulator  radiation  fl])  or  from  an  external  laser  (3).  The  last  method 
has  a  signal  to  noise  ratio  .5  X  and  allows  reflectivity  measurement  before 
insertion  Into  the  vacuum  and  after  extraction  at  the  end  of  the  experiment. 


Mirror  degradation  : 


The  mirror  degradation  data  are  summnrlxed  In  the  following  table  : 


)  Mirror  Batch  Code 

A* 

1 

I  2* 

1 

1 

1 

Be  j 

Be  | 

iLoss/mirror  ln  air 

1 . 3  1 0“4 

1  4-5 

io~4j 

i 

.8 

l°-4  | 

|Loss/airror  after 
|l0“10  Torr  pump  down 

00 

• 

o 

1 

1 

4j  9.9 

1 

J 

1 

io‘4| 

1 

1 

1  5 

f 

! 

.O’4  J 

|Average  degradation 
| ratc/alrror/100  aA 

1 

1  5.2 

1 

I0"4| 

1 

CH-I  10-4| 

20  I0_4| 

| electron  current/hour 

1 

Ixiectron  energy  (MeV) 

1 

1 

}  238 

1 

1 

1 

1 

1 

1 

1 

150  | 

2  30  | 

| Undulator  flux  at 
|fundaaent«l  (1*9  eV) 

m 

u 

m 

•v 

1 

|  6.8 

1 

10,4| 

1 

3.1  .0**1 

1 

5.6  1  0  1  4| 

| ( photons/ sec/ca^/aA) 

0> 

0> 

•H 

1 

1 

1 

|piux  at  3nd  harmonic 
|(5.7  eV) 

u 

u 

a 

o 

z 

1 

!  3.2 

1 

1 

1 

10,4| 

1 

j 

1 

3.7  I0,3| 

1 

j 

2.9  1 0 ' 4 1 

1 

|Flux  at  5th  harmonic 

1  t  .7 

io,4| 

5.0  1 0  1  2| 

o 

cc 

a 

|(9.5  eV) 

1 

| 

1 

_ L 

• 

_ L 

1 

1 

Two  different  degradation  mechanises  ere  Identified.  The  first 
occurs  during  the  process  of  puaplng  down  to  Torr  but  before  any 

light  exposure.  This  process  is  not  yet  understood,  but  is  too  strong  to 
be  explained  by  the  bulk  Index  contribution  of  water  desorbed  f roe  the 
coating  layers.  Without  any  synchrotron  light  exposure,  the  alrror  reflec¬ 
tivity  was  stable  within  a  precision  of  10-5  during  a  12  hour  eeasure- 
aent  period  and  was  unchanged  after  a  75  Roentgen  exposure  to  X  ray  and 
gaeaa  radiation  generated  during  the  storage  ring  injection.  The  second 
degradation  process  occurs  systematically  during  light  exposure.  Since 
there  Is  no  shift  In  the  transalsston  curve  of  the  alrrors  before  and  After 
exposure  either  In  wavelength  or  In  magnitude,  we  conclude  that  the  alrror 
degradation  occurs  In  either  the  absorhtlon  or  the  scattering  channels.  The 
eaiaalon  spectrua  froa  an  undulator  hns  peaks  at  each  harmonic  of  rhe 
fundamental  photon  energy  (1.9  eV  Jn  our  case)  (2).  The  flux  Ln  each 
harmonic  depends  on  the  energy  (see  the  table).  The  Increase  (n  the  B' 
degradation  rate  by  a  factor  of  more  than  twenty  froa  150  HcV  proves  that 
meat  of  the  degradation  comes  froa  haraonlce  greater  than  the  3rd  (photon 


Discussion  : 


Mirror  degradation  Is  a  serious  problem  for  the  ACO  PEL  because 
of  the  low  gain*  Similar  degradation  has  been  found  for  the  Novosibirsk 
FEL  [4].  The  new  generation  of  storage  rings  optimized  for  synchroton 
radiation  (Aladdin,  Bessy,  Brookhaven,  Super  ACO)  should  give  optical  gains 
on  the  order  of  several  percent,  hut  their  UV  fluxes  will  be  slgntftcantty 
higher  than  on  ACO.  The  solution  to  the  problem  may  lie  in  the  selection 
of  UV  resistant  materials  for  the  mirrors,  or  in  a  shielding  technique  with 
an  intracavity  Brewster  plate  or  a  vapor  deposited  UV  absorber  on  the 
mirror  surface.  We  plan  to  investigate  some  of  these  possibilities  on  the 
ACO  system,  but  the  dimensions  of  the  problem  would  appear  to  necessitate  a 
systematic  effort  if  it  is  to  be  resolved. 
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